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Introduction 

Ibis  bibliography  encompasses  in  one  report  the  individual  bibliographies 
of  105  (12  proven  and  93  probable)  terrestrial  impact  structures.  The 
bibliography  of  each  impact  structure  was  compiled  for  inclusion  in  an  "Atlas 
of  terrestrial  impact  structures"  to  be  published  at  a later  date.  The 
bibliographies  are  being  released  in  advance  of  the  Atlas  in  order  to  make 

them  immediately  available  to  specialists  interested  in  impact  and  cratering 
processes. 

An  attempt  was  made  in  this  compilation  to  update  the  comprehensive 
bibliography  of  terrestrial  impact  structures  and  its  supplement  published 
earlier  by  the  U.S.  Geological  Survey  (Freeberg,  1966,  1969).  in  the  last  15 
years,  the  volume  and  range  of  the  literature  concerning  impact  structures  has 
increased  dramatically,  making  existing  bibliographies  incomplete. 

Historical  Guide  to  Literature  on 
Terrestrial  impact  Structures 

Since  the  late  1950's,  the  subject  of  meteorite  impact  on  Earth  has 
attracted  hundreds  of  research  workers  from  many  disciplines.  Over  the  years, 
the  emphasis  on  its  different  scientific  aspects  has  followed  the  development 
of  planetology.  Most  of  the  major  developments  in  meteorite-impact  research 
were  punctuated  by  a symposium  that  both  highlighted  and  keynoted  „ne  main 
results  of  on-going  research,  and  emphasized  their  significance  with  respect 
to  developments  in  allied  disciplines.  The  proceedings  of  these  symposia  are 
referenced  below,  because  each  of  them  is  an  index  to  much  of  the  specialized 
literature  that  was  being  published  at  the  time  they  were  held: 

French,  B.  M.,  and  Short,  N.  M.,  «ds.,  1968,  Shock  metamorphism  of 

natural  materials:  Proceedings  of  the  First  Conference  held  at  NASA 

• » 

Goddard  Space  Flight  Center,  Greenbelt,  Maryland,  April  14-16,  1966, 

Baltimore,  MD,  Mono  Book  Corporation.  644  p. 
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Rod.*.  D.  J.,  Pepin,  k.  o.,  and  Merrill,  R.  B..  eds.,  1977,  impact  and 
explosion  cratering:  Planetary  and  terrestrial  Implications: 
Proceedings  of  tlic  S.mposium  on  Planetary  Cratering  Mechanics, 

Flagstaff,  Arizona,  September  13-17,  1976:  New  fork,  Pergamon  Press, 
1.301  p. 

Silver,  L.  T.,  Schultz,  P.  II.,  and  others,  eds.,  1983,  Geological 
Implications  of  impacts  of  large  asteroids  and  comets  cn  the  earth: 
Papers  presented  to  the  Conference  on  Large  Body  Impacts  and 
Terrestrial  Evolution:  Geological,  Climatological,  and  Biological 

■•plications,  Snowbird,  Utah,  October  19-22,  1981:  Geological  Society 
of  America  Special  Paper  190,  528  p. 

Of  equal  importance  to  these  three  symposia  in  setting  the  direction  of 
meteorite- impact  research  has  been  work  on  multi-ring  basins,  asteroids,  and 
comets.  The  research  on  multi-ring  basins  is  summarized  in: 

Schultz.  P.  H.,  and  Merrill,  R.  B.,  eds.,  1981,  Multi-ring  basins: 
Proceedings  of  the  Conference  on  .iulti-Ring  Basins:  Formation  and 
Evolution:  Houston,  Texas,  November  10-12,  1980;  Proceedings  of  Lunar 

and  Planetary  Science,  v.  12,  Part  A:  Geochtmica  et  Cosmochimica 
Acta,  Supplement  15,  295  p. 

The  leaders  In  research  on  asteroids  and  comets  that  bears  on  the  origin  of 
bodies  lapactlng  on  the  Earth  have  been  Oplk,  Shoemaker,  Urey,  and  Wetherill. 

In  the  1960's,  Interest  In  meteorite  inpact  on  Earth  centered  on  l)  the 
very  large  energies  released  and  associated  effects  produced  by  Impact  and 
man-made  nuclear  explosions  (Bolt,  1976);  and  on  2)  the  morphological  analogy 
of  lunar  craters  to  fresh  terrestrial  Impact  structures.  Quite  appropriately, 
the  Conference  on  shock  Metamorphism  of  Natural  Materials  In  April  1966  linked 
the  results  of  shock-wave  research  that  had  been  derived  from  Investigations 
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of  meteorite-impact  structures,  nuclear  explosions,  and  laboratory 

experiments.  As  the  Inner  and  Outer  parts  of  the  Solar  System  wore  explored 

In  the  1970‘s,  largely  as  a result  of  the  Planetology  Program  of  the  National 

Aeronautics  and  Space  Administration  (NASA),  Interest  In  cratering  mechanics 

Increased— it  was  realized  that  cratering  by  impact  had  played  a major  role  in 

the  evolution  of  all  terrestrial  planets  and  the  satellites  of  the  outer 

planets.  The  Symposium  on  Planetary  Cratering  Mechanics  In  September  1,976 

provided  a forum  for  the  most  active  researchers  In  Intact  and  explosion 

cratering  to  exchange  ideas  and  state-of-the-art  techniques,  and  to  discuss  . • 

areas  of  common  interest.  A number  of  papers  In  the  proceedings  of  this 

symposium  deal  with  cratering  phenomenology  and  terrestrial  cratering. 

Lately,  research  in  terrestrial  Impact  structures  has  received  a new 
orientation  and  a tremendous  boost,  following  the  formulation  by  Alvarez  and  ; 

others  (1980)  of  an  hypothesis  that  suggests  impact  as  the  cause  of  the  world- 
wide Cretaceous-Tertiary  biological  extinctions.  This  hypothesis,  inspired  by  ) 

the  discovery  of  iridium  anomalies  at  the  Cretaceous-Tertiary  boundary,  re- 
introduced catastrophlsm  as  a catalyst  and  a driving  force  into  contemporary 
geologic  thought.  It  was  the  backdrop  against  which  the  Conference  on 
Large-Body  Impacts  was  convened  in  October  1981. 

The  origin  of  bodies  that  formed  terrestrial  impact  structures  has  been  a 
matter  of  conjecture  and  controversy  for  a very  long  time.  These  bodies  are 
now  known  to  have  been  meteorites,  unrelated  to  planetesimals,  like  those  that 
collided  with  other  bodies  of  the  Inner  Solar  System  very  early  in  its  history 
to  create  very  large  basins.  The  origin  of  impacting  populations  in  very 
early  Archean  time,  the  origin  and  behavior  of  Earth-crossing  asteroids  and 
comets,  and  impact-cratering  rates  are  three  fields  of  research  critical  to 
the  understanding  of  space  and  time  distributions  of  terrestrial  impact 
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structures.  These  fields  have  rapidly  expanded  during  the  past  decade,  yet 
they  have  not  been  the  themes  of  specialized  symposia.  For  that  reason, 
blbllogr.tf:  ties— necessarily  Incomplete— dealing  with  these  topics  are  also 
Included  In  this  compilation. 

The  economic  Importance  of  some  terrestrial  Impact  structures  was  not 
recognized  until  long  after  they  had  been  developed  for  mining  of  ore  (Sudbury 
Basin,  Vredefort  Structure,  Carswell  Lake  Structure),  or  petroleum  extraction 
(Red  Wing  Creek,  Steen  River  Structure).  Dietz  (1961,  1964)  and  French 
(written  communication,  1969)  drew  attention  to  the  economic  potential  of 
several  of  these  structures,  but  so  far  their  economic  Interest  as  a group  has 
paled  In  comparison  to  their  serving  as  mute  testimony  to  one  of  the  major 
planetary  geologic  processes. 

Purpose  and  Scope 

This  compilation  is  based  on  the  list  of  proven  and  probable  impact, 
structures  most  recently  updated  by  Grieve  (1982).  It  includes  the  11  proven 
craters  listed  by  Shoemaker  and  Eggleton  (1961)  in  their  crater  category  1 
(craters  or  clusters  of  .raters  with  associated  meteorites).  To  it.  Grieve 
added  the  Morasko  Craters  in  Poland,  which  he  upgraded  from  category  6 of 
Shoemaker  and  Eggleton  (1961).  It  does  not  include,  however,  Sobolev,  Asian 
USSR  listed  in  th?s  group  by  Grieve  and  Robertson  (1979),  Masaytis  and  others 
(1980)  and  Shoemaker  (1983),  nor  Monturaqui  Crater  (Shoemaker,  1963). 

The  craters  listed  in  categories  2,  3 and  4 of  Shoemaker  and  Eggleton 
(1961)  are  now  considered  probable  impact  structures,  with  the  following 
exceptions:  Richat  Crater,  Mauritania;  Pretoria  Salt  Pan,  South  Africa; 

Glasford  Structure,  Illinois;  Howell  Structure,  Tennessee;  Jephta  Knob 
Structure,  Kentucky;  Kllmlchael  Structure,  Mississippi;  and  the  Versailles 
Structure,  Kentucky.  Many  of  the  craters  In  categories  5 and  6 of  Shoemaker 
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,„d  Eggleton  (1961,  have  been  upgraded  by  Grieve  (1979.  1982)  to  "probable 
1,p.ct  structure"  status;  they  are  as  folios:  Upheaval  Dome.  Utah;  Amguld 
Crater,  Algeria;  Carswell  Late  Structure.  Saskatchewan;  Beep  Bay, 

Saskatchewan;  Glover  Bluff  Structure.  Wisconsin;  Uc  Couture.  Quebec;  Lake 
Oellen.  Sweden;  Lake  El'Gytkhyn.  U.S.S.R.;  Lake  Mien.  Sweden;  Lake  Slljan. 
Sweden;  Patomskll  Crater.  U.S.S.R.;  Pilot  Lake.  Northwest  Territories.  Car •da; 
Sudbury  Basin.  Ontario;  Tenoumer  Crater.  Mauritania;  and  West  Hawk  Lake. 
Manitoba.  Upheaval  Dome.  Utah,  and  the  Glover  Bluff  Structure.  Wisconsin, 
though  not  listed  by  Grieve  (1982).  are  Included  In  this  compilation  as  a 
result  of  work  since  1982.  Many  additional  Impact  structures  not  listed  by 
Shoemaker  and  Eggleton  (1961)  are  considered  by  Grieve  (1962)  to  be  probable 
Impact  craters,  and  are  Included  In  this  compilation. 

No  attempt  to  evaluate  the  entries  has  been  made,  as  had  hie'  •>  > 

Freeberg  In  her  1966  bibliography  and  1969  supplement,  becae-e  of  the  vast 
increase  In  number  of  entries.  Most  of  them  were  read,  however,  prior  to  the 
preparation  of  the  Atlas  referred  to  above.  Since  1975  there  has  been  an 
increasing  trend  toward  In-depth  analysis  rf  many  terrestrial  impact 
structures,  and  a greater  range  of  specialised  studies  In  geomorphology, 
petrography,  age  dating,  crater  mechanics,  paleomagnetlsm,  geophysics, 
geochemistry  and  cosmochemlstry.  regional  field  geology,  and  archeology.  Such 
specialization  has  coincided  In  part  with  Investigations  sponsored  under  the 
NASA  Planetology  Program.  The  cutoff  date  on  most  entries  Is  mfd-1983,  but  a 

few  1984  entries  are  Included. 

I, .pact  structures  are  listed  alphabetically  by  continent.  No  proven  nor 
probable  Impact  structures  are  listed  for  Greenland  and  the  Antarctic,  and 
none  Is  known  on  the  ocean  floor  (Eckhoff  and  Vogt.  1981).  However,  the 
hypothesis  that  very  large  Impact  basins  In  early  Archean  time  wore  the 


original  ocean  basins  has  many  supporters.  Chenoweth  (1958),  Diets  (1959), 
Harrison  (1960),  and  fill**  'ry,  (1961,  1962)  advocated  the  hypothesis  before 
Mesozoic  and  Cenozoic  ocean-floor  spread4,, g became  known  as  the  generating 
mechanism  of  present  ocean-floor  crust.  Thereafter,  Its  supporters  included 
Frey  (1980)  and  Grieve  (1980).  Each  continent  Is  listed  below  In  decreasing 
order,  according  to  the  amount  of  research  In  impact  structures  that  it  has 


generated: 

Number  of  proven 
Impact  structures 
North  America:  Total  39 

USA:  16 

Arizona  1 

Indiana 

Iowa 

Kansas  1 

Kentucky 

Missouri 

North  Dakota 

Ohio 

Tennessee 

Texas  1 

Utah 

Wisconsin 
Canada:  23 

Alberta 
Manitoba 

Newfoundland  (Labrador) 


Number  of  probable 
impact  structures 


1 

1 (Manson  Structure:  buried) 

1 

2 

1 (Red  Wing  Creek:  buried) 

1 

2 

2 

1 

1 

1 (Steen  River  Structure:  burled) 

2 
1 


1/ 
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Northwest  Territories 
Ontario 
Quebec 
Saskatchewan 
South  America:  Total  5 

Argentina  1 

Brazil 

Chile 

Australia:  Total  11 

Western  Australia  2 

Northern  Territory  2 

Europe  (exclusive  of  USSR):  Total  10 

Finland 
France 
Germany 

Poland  1 

Sweden 

European  USSR:  Total  18 

Byelorussian  SSR 
Estonian  SSR  1 

Karelian  SSR 
Latvian  SSR 
Lithuanian  SSR 
Russian  SFSR 

Tatar  SSR 


3 

5 

8 

3 

3 

1 

3 

4 

3 

1 

2 

3 

1 (Logoi sk:  buried) 

1 

1 (Kjardla:  buried) 

2 (Misarai  and  Vepriaj:  both  buried) 

5 (of  which  Kaluga,  Kamensk-Gusev,  Kursk, 
and  Puchezh-Katunki  are  buried) 

1 


7 


Ukrainian  SSR 


6 (of  which  Boltysh,  II '(nets,  Obolon, 
Rotmistrovka,  and  Zelenyy^Gay  are  burled) 


Asia:  Total  12 


India 

•Mongolia 

Saudi  Arabia  1 

Asian  USSR:  Total  9 

Kazakh  SSR 

Primorlye  Terr.  1 

Russian  SFSR 


1 

1 

2 

1 

4 (of  which  Kara  is  partly  buried) 


Yakotskh  SSR  ! 

Africa:  Total  10 

Algeria  4 

Ghana  j 

Lib- a 2 

Mauritania  2 

South  Africa  ^ 

Most  impact  structures  in  the  European  USSR  (13)  are  buried  under 
sedimentary  rocks,  and  are  detectable  only  by  geophysical  methods  or  drilling 
(Masaytis,  1975;  Masaytis  and  others,  1978;  1980). 

Meteoritic  components  or  enrichment  in  meteo* nic-signature  elements  have 
been  identified  in  the  following  18  probable  impact  structures  (Grieve  and 


others,  1981;  Grieve,  1982): 
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North  America 
Canada 


Clearwater  Lake  East,  Quebec 
Gow  Lake,  Saskatchewan 
Nicholson  Lake,  N.W.  Territories 
Wanapltei  Lake,  Ontario 
South  America 

Monturaqul  Crater,  Chile 
Australia 

Strangway s,  Northern  Territory 
Europe 

Chassenon  Crater,  France 
Lake  Lappajarvi,  Finland 
Lake  Mien,  Sweden 
Lake  Saaks jarvi,  Finland 
Obolon,  Ukrainian  SSR,  USSR 
Rleskessel,  Germany 

Asia 

Kara,  RSFSR,  USSR 
Popigay,  USSR 
Sobolev,  USSR 
Tabun-Khara-Obo,  Mongolia 
Zhamanshin,  KSSR,  USSR 
Africa 

Aouelloul  Crater,  Mauritania 
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Nomenclature 


At  present,  the  naming  of  terrestrial  Impact  structures  Is  not 
standardized.  Many  Impact  sites  are  known  only  by  a local  geographic  name  of 
unknown  designation.  Where  a qualifier  has  been  added  to  the  geographic  name, 
no  orderly  system  of  rules  Is  being  followed,  such  as  been  devised  by  the 
Working  Group  for  Planetary  Systems  Nomenclature  of  the  International 
Astronomical  Union  for  the  surflclal  features  of  other  planets.  Some 
qualifiers  Imply  a topographic  feature:  lake,  bay,  Island,  area,  mound,  or 

crater.  Others  have  a vague  geologic  structural  connotation:  disturbance, 

dome,  basin,  or  ring.  Redundant  meanings  In  adding  English  names  to  foreign 
designations  are  common:  i.e.  In  the  name  Lake  Janls'yarvi  (Karelian  SSR), 

the  baltlc  name  "Jarvi"  means  "Lake".  Further,  nothing  Is  more  confusing  to 
the  nonspecialist  than  to  name  as  "crater"  an  Impact  structure  so  completely 
eroded  that  all  morphological  and  most  structural  evidence  of  the  original 
Impact  depression  are  lacking.  A case  In  point  is  Chassenon  Crater,  France, 
where  "crater"  has  a genetic  connotation,* and  Is  not  taken  in  its  usual 
topographic  or  structural  sense.  The  term  "astrobleme",  applied  by  Dietz 
(1961)  to  circular  features  that  are  "obliterated  craters  made  by  a meteorite 
or  the  head  of  a comet",  should  be  reserved  for  deeply  eroded  impact 
structures. 

Several  terrestrial  Impact  structures  have  more  than  one  name  or 
spelling.  The  names  adopted  in  this  compilation  follow  U.S.  Geological  Survey 
usage  as  established  by  Freeberg  (1966,  1969);  Grieve* s (1982)  spelling  is 
used  for  craters  not  listed  by  Freeberg.  Alternate  names  appear  In  the 
Individual  entries  and  In  an  Index.  None  of  the  names  in  this  compilation 
were  checked  for  official  spelling  and  usage  against  national  gazet.eers  or 
those  of  the  U.S.  Department  of  State. 
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Locations  of  Impact  Sites 

Locations  of  the  structures  are  shown  on  sketch  maps  of  six  continents: 
North  America,  South  America,  Australia,  Europe,  Asia,  and  Africa  (figs.  1 
through  6).  The  geographic  coordinates  of  each  structure  are  given  In  the 
tables  that  precede  the  bibliographies  of  structures  for  each  continent.  The 
locations  of  a few  structures  In  previous  lists.  Including  that  of  Grieve 
(1982),  have  been  corrected  If  they  have  been  plotted  on  a recently  published 
map,  or  If  a more  accurate  geographic  description  has  since  been  supplied. 

Iron  Meteorites,  Tektltes  :nd  Microtektites,  and  Impact  Glass 

Iron  meteorites  associated  with  proven  impact  craters  are  referenced 
under  pertinent  impact  structures  according  to  the  citations  by  Buchwald 
(1975).  It  is  now  generally  agreed  that  tektites  are  of  terrestrial  origin, 
and  that  they  originate  at  impact  sites.  Tektite  literature  is  Immense,  and 
rather  than  include  a bulky,  yet  incomplete  bibliography  of  tektites  In  this 
compilation,  selected  references  on  moldavites  were  added  to  the  Rieskessel 
bibliography,  those  on  Ivory  Coast  tektites  and  microtektites  to  that  of  Lake 
Bosumtwi,  Ghana,  and  those  on  Libyan  Desert  Glass  (LOG)  to  that  of  the  two 
Libyan  impact  structures:  Oasis  and  BP.  Similarly,  references  to  Aouelloul 
glass  and  zhamanshinltes  will  be  found  respectively  in  the  bibliographies  of 
Aouelloul  Crater,  Mauritania,  and  Zismanshln,  Kazakh  SSR. 

Earlier  Bibliographies 

Grieve' s list  of  1982,  although  authoritative,  is  only  the  most  recently 
published  of  many  lists,  catalogues,  and  summary  bibliographies  of  terrestrial 
Impact  structures.  This  compilation  would  be  incomplete  without  guiding  users 
to  at  least  some  of  t:.em,  including  the  most  comprehensive  one  for  the  USSR 
(Masaytis  and  others,  1980).  So,  a bibliography  of  Impact-structure 
bibliographies  is  also  included  in  the  compilation,  supplemented  by  a 


bibliography  of  early  articles  on  cryptovolcanlc  and  cryptoexp’oslon 
structures,  and  one  on  astrons  (Norman  and  Churwu-Ike,  1977),  those  enigmatic, 
very  large,  c1rci!ar  features  reported  from  time  to  time  on  the  Earth's 
surface,  but  as  yet  of  unknown  origin,  and  unstudied  because  of  their  very 
large  dimensions. 

Serials 

Serials  cited  in  thl  rJbllography  are  not  listed  separately.  The  need 
for  such  a list  is  obviated  by  complete  titles  being  given  In  the  citations  by 
authors,  as  against  the  abbreviated  titles  in  Freeberg's  1960  bibliography  and 
its  1969  supplement.  The  issuing  agency  or  commercial  publisher  is 
Indicated.  An  author  index  is  included  at  the  end  of  this  compilation. 

Conclusion 

The  number  of  known  terrestrial  Impact  structures  will  undoubtedly  expand 
more  dramatically  in  the  next  30  years  than  in  the  past  30.  Vast  areas  of  all 
continents  still  remain  Inadequately  surveyed  for  Impact  structures,  even 
where  the  geologic  environment  is  mapped  at  an  adequate  scale.  Most  of  the 
South  American  and  African  continents  is  blank  with  respect  to  the  actual 
density  of  preserved  impact  structures,  as  are  the  northwestern  part  of  North 
America,  eastern  Australia,  northeastern  Europe,  and  all  of  China  and 
northeast  Asia  (figs.  ).  Moreover,  additional  Impact  structures  may  be 
discovered  from  now  on  at  a higher  rate  than  in  the  past,  as  future  searches 
become  more  systematic  rather  than  merely  fortuitous  or  a result  of 
serendipity.  At  the  moment,  Interested  geologists  and  astronomers  make  a 
deliberate  attempt  to  match  the  predicted  crater  density  on  land  with  changing 
Impact-cratering  rates  in  Precambrlan  and  Phanerozolc  times  on  one  hand,  and 
the  rates  of  crater  erosion  and  preservation  on  the  other  (Fedynskly  and 
Khryanina,  1976;  Dachille,  1977;  Grieve  and  Dence,  1979;  Shoemaker  and  others, 
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1979a  and  b;  Welssman,  1982;  Wetherlll  and  Shoemaker,  1982;  Grieve,  1983, 

1984;  Shoemaker,  1983). 
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(Alternate  names:  Canyon  Diablo, 

Nlnnlnger  Crater,  Meteor  Crater, 

Coon  Mtn.,  Coon  Butte) 

Coconino  County,  Arizona 
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Table  2a.  North  America:  Impact  Structures  (in  alphabetical  order) 

Canada 

Geographic  ONC*  Landsat  Landsat  image  Diameter  Age  Target  Rock  Pres.  Morph 
coordinates  Path/Row  ID  No.  and  date  km  m.y. 

of  Acquisition  (Grieve,  R.  A.  F.,  1982,  Tables  1 and  2) 


« 


» 


f 


to 

u 

u 

wo 

u 

u 

CJ 

to 

W 

w 

U 

4*  tn 

n 

SO 

CM 

VO 

to 

& 

uu 

& 

£ 

Cry 

3 

1 

M 

Cry 

Cry 

w 

1 

u 

1 

Sed 

Cry 

& 

u 

o 

CO 

;i 

ss 

s 

§ 

u 

■H  41 

•H 

4g 

O 

tO 

G G 

O 

O 

to 

© 

o 

o 

o 

UT 

9 

o 

AH 

s 

a* 

to 

to 

s 

$ 

s 

V 

V 

00 

• 

CO 

37 

cm  eg 
cm  <o 

CM 

f»4 

to 

20 

CM 

00 

00 

-15325 
9,  1973 

-17472 
7,  1974 

•15374 
26,  1972 

•17133 
29,  1974 

-17262 
26,  1974 

17555 
2,  1973 

15231 
19,  1972 

15102 
27,  1975 

15452 
10,  1974 

15020 
11,  1973 

1443- 

Oct. 

Qj 

CO  c 
tO  3 
-«  ^ 

1156- 

Dec. 

<5  • 
u>  > 

00  o 
z 

to  • 

CSJ  V 

00  o 
O 

CO 

to  L. 

a 5* 

1027- 

Aug. 

LO  ■*- 

S k 

CM  < 

t 

5 * 
*-« 

1384- 

Aug. 

00 

CM 

o 

ON 

f-l 

o 

eu 

o 

CM 

O 

CM 

O 

r**. 

o 

o 

a 

o 

lO 

CM 

o 

00 

fH 

o 

o 

CM 

o 

O' 

o 

O' 

(H 

to 

r-. 

c*. 

CO 

fH 

o 

M* 

o 

N 

O 

CO 

o 

o 

4S- 

o 

o 

rH 

o 

CM 

o 

fH 

o 

00 

1 

CO 

U*>  00 

fH 

CO 

V-* 

CO  C*. 
H H 

f-* 

O' 

00 

fH 

1-^ 

in 
•— « 

u. 

o 

O LU 

o 

Q LU 

CO 

t 

14. 

1 

LU 

I 

o 

i 

Q 

Z 3 

z a 

Z 3 

Z 3B 

Z 2 

Z 2 

z 3 

z 3 

z 3 

Z 3 

m on 

O CM 
0 0 
VO  00 
V r-%. 

c**  O 

C\J  CO 
0 0 
00  Q> 
vf>  O 

o o 

r*H  CSJ 
0 0 
VO 

tT>  r>^ 

^ O' 
CSJ  CO 
0 0 
VO  CM 
LT>  O 

i— « 

o> 

CM  CM 
0 o 
VO  CC 

tO  o 

CM  © 
CM 
0 0 
to  <y> 
oo 

00  00 
CM  CO 
0 0 
M*  VO 
M*  c-. 

f-H  CO 

to 
0 0 
O CO 

to  Cs. 

00  00 
o ^ 

9 0 

© to 

VO  c- 

to  VO 
CM  CO 
0 O 

r-*  to 
m to 

O 


• p» 

A 

c. 

03 

at 

43 

L. 

X 

4-» 

3 

43 

c 

4J 

-U 

© 

O 

3 

t. 

« 

tm 

A 

ai 

>> 

4-3 

</» 

03 

t/» 

<u 

T3 

e 

C 

* 3 

03 

43 

•n* 

t~  o 

x c 

03  C 

c 

03  W 

43  43 

C3C  43 

43 

U 

t. 

% 

41  CT 

QJ 

a) 

A QJ 

a <y 

t»  c 

*“•  JLT 

>>£: 

03  x; 

O 

1—  o 

43 

*o  u 

X 13 

V) 

<U  *J 

? O 

L T 4-> 

4}  4J 

4J  VI 

5 43 

U a) 

43 

U 43 

C •«=*• 

to  V 

43  £3 

C.  X 

„V! 

01  CL 

to  VI 

07  03 

03  V» 

* Vi 

L.  •*- 

43  T* 

0J  4? 

CO  43 

oo  sr 

O 

W O' 

CT-  tn 

(5  t o 

o 


4J 

o 

O 

V) 

>*• 

03 

L. 

l_ 

•F« 

43 

u 

u 

4-> 

vt 

o 

• e 

•r— 

4-> 

L-  O 

A 

Q 

03 

03 

A 

L. 

4J  A 

•r* 

0)  A 

U 

43  >» 

u 

,03 

L-  4-» 

A 

A 

03 

o c: 

w c 

=3 

03 

C 

Q 43  C 

3 

43 

t. 

r— - >e— 

4-1 

X)  o 

03 

3 

o 

C VI  t— 

vi 

t~  w 

4-> 

£ 

o X 

07 

o 

rj 

XJ  c 

*4—  x 

o u 

O u 

43  O 

X C 43 

-C 

07  C- 

a 03 

O 03 

W 03 

Ui  O L 

4-> 

F-  43 

J3 

^ > U. 

L. 

f—  a 

03  03 

U 03 

u 0> 

43  O’ 

o 

O 41 

F~  3 

43  ‘.3 

4)  3 

o 

z 

1 1 L-T 

cr 

-J  Cr 

125 


l 

i\ 


4 


\LS 


tO 


2? 

U 

I 


CM 


CO 

Ph 


T> 

I S„- 

£ CO  . 

o !2  *J 

u ^ o 


r—  CM 
^ O 


U 


s 


00 

CM 


oo  as 


• I 
UI  Ui 


CO  CM 

cm 
o o 
<~»  00 
m vo 


«o 

at 

■d 


i « 

g ai 

ID  L 
o <o 
IQ 

3 m 
o qj  u 

Qj 

— *0  £* 
R-i  Q) 
<0  3 

£ O' 


at 

1—4 

I 


CO  00 

m «—• 
o o 
in  co 
ui  vo 


T3 

C 


3 

O 


**  X 

<Q  01 


C « 
*p*  t. 
**  O 
Wl  XI 

id  id 

•M  C 
tn  & 

•r*>  fg 


m 


co 


2? 

O 


CM 

CO 


in 

CO 

r- 

at 

_ at 

pH 

m pH 

o 

m 

© • 

O’  * 

co  co 

HJ-  CM 

m pH 

ph  CM 

pH 

CO  • 

1 *— 
pH  >f> 

co  c 

© t. 

PH  to 

© a. 

PH  O 

CM  <c 

fN. 

CM 

PH 

o 

© 

pH 

pH 

CM 

o 

O 

I 

Q 


rn  © 
-«  ** 
0 0 
<■"*  CO 
VO  N 


n 

o 


*o 

&> 

Q)  • • 
4J  iA 
<U  CO 
u e 
cj  id 
c 
u 

0)  <0 
.o  -m 

QJ  (TJ 

<5E 

? ♦* 
a.'  »— 
s <t 


m 


o 

TS 

X 


to 

a 


$ 


to 

© pH 

m cm 

pH 

© 4J 

© Q. 

2* 


CM 

O 


a> 

L 

© 

»0 

> 

<a  u 
c»  qj 

i. 

CO  • 
♦J  <0 
ID  > 
t»  01 
o en 
c 


u 


© 


0 

1 


o 

m 


m 

CM 


ft* 

O 


O 


<n 


m 


s 


s 

V 


io 

I 


in 

cm 

CM 


t 

© 


cn 


S 


o 

m 

ph 

s 


£ 


41 

C*. 

CO 


m 


CM 

C- 

CO 

2 

fn. 

co 

pH 

at 

C-. 

« 

pH  pH 

© at 

pH  pH 

co 

o 

O 

• 

© 

CM 

co 

pH 

M* 

io 

CO 

pH 

co 

fH 

Ch> 

Ch 

at 

2 

2 

CO  pH 

PH 

pH  pH 

m 

in 

8 * 

CO  3 


VO 

o 

a 

o 


© • 

— « CO 

I 

S21  .. 

CO  3 Ph 


in  * in  • 

©.»-«  in  io 

PH  CM  pH  PH 


m 

m ph 


co  30  CM  • 

cm  ^ ph  at 

^ s m3 

<-4-3  CM 


IO 

CM 


© 

CM 


00 

CM 

o 


PH 

© 


CO 


IO 

CM 


© 


01  u 
«-  ai 
3 O 
*->  Q> 
O *•  3 

3 wa 
u ai 
4-»  e « 
m iq  <y 
c -p* 

x <o 

•*■  qj  JO 

OUp 

> *d  <y 

a>  c fc 

p-  fc, 

U 01  ID 
a*  *j  «j 
n *- 
o < 


A 1/1 

c <u 

■P»  «po 

4J  C 

m © 

• a»  -p* 
01  QJ  U 
^ hC  L 
IU  QJ 


o *j  ui 

w u « 

o l,  JS 
J2  4J  4*> 
O M U 

sss 


QJ  IA 
•—  0J 

N -i~ 

e i. 
QJ  O 
-irf  *J 
U -P- 

*a 

£ u 

QJ 

QJ  O 
^ 4J 
IQ  U UI 
-J  U QJ 
*<■  15 

O 4J  U 

P w V 

*-  -p-  o 

Ci.  © z: 


e 

3 

♦J 

U 

3 

L. 


ts 

<3  O 


4J  »a 

to  s 


A 

4J 

« 

QJ 

<A 

IA 

c 

j* 

D 

<p 

<0 

IS 

c. 

<A 

•j 

<0 

QJ 

ID 

pas 

> 

© 

■p» 

o 

QJ 

o 

SC  ID 

>»  o 

4-»  © 

•p 

■M 

V>  *p> 

•P  'R 

QJ  ta 

G fc 

3 C. 

cx  t. 

♦j  m 

QJ  « 

XJ  ID 

ID  ID 

10  -M 

& JO 

X5  A* 

C 4J 

•— » c 

*J  p— 

3 C 

ID  C 

to  e 

tn  pf 

m o 

a:  © 

& 

O 


m 


c 

o 


IO  * 
to  pH 


Ip-  I •— 

m -p»  in  ip 

m t.  iol 

ctj  o.  cm  ex 

pH  < pH  < 


CO 


CM  CO 

IO  PH 


I 

SJ 

2^ 


in 

cm 

o 

CM 

CO 

o 


at 

pH 

t 

CO 

pH 

| 

CO 

pH 

PH 

pH 

rn  00 

pH  pH 

© 

pH 

CO 

pH 

Ch 

pH 

U. 

o 

© 

Ui 

1 1 
UI  UI 

1 

u. 

1 

u. 

1 

UI 

2 5 

? ? 

? ? 

F ? 

z s 

z 3 

2 3 

2 3 

2 3 

CM  00 
CO  pH 

o e 

© Zh 

O’  M* 
o o 

N pH 
pH  © 
O 0 

pH  CO 
HT  CO 

© © 
Ht  © 

^H  00 

CO  CO 

VD  pH 
CO  — i 

<a 

*d- 

IO  pH 
^ pH 

CH  o 

•3*  fH 

CM  CM 

vo  o 

pH 

O PH 

IO  pH 

iH 

.H  00 

m at 

0 0 
© PH 
HJ-  00 

0 0 
at  p^ 

m pH 
*H 

e e 

VO  PH 

*t  co 

«>  0 
vo  o 

4*  © 

0 0 
at  in 
**  at 

QJ 

•X 

o 


J* 

X 0> 

ID 

^ o 


l/»  -c 

QJ  >D 

^ s 


126 


£ >»  •£ 


2? 


*o 

01 

3 


5 


-a 


u 

l-r- 

CL  l 4->  rg 

CO 

<.  «n  L. 

<« 

+->  4->  3 C 

c 

o «o  t/»  as 

•o 

0)  c-  U 

0) 

**->  u • 

£ 

w • 

t in  a)  4-> 

CM  > 

"OX 

-*■0  g 

c 

*0  0)0)0) 

o 

0)  > t-  e- 

> l.  3 

4-> 

C.  0)  L.4J 

IQ 

85 

o oq  o a 

*»  0)  o 3 
at  c*  f-»  c. 

M 

t-  Q.«-  4-) 

0) 

Q.  i/> 

o 

(A 

o 

o 

o 

* 

o 

o 

o 


c 

o 


o> 

Sfc 

*o 

3Z 


*13 

e: 

0 

*.» 

m 

w 

01 


.O 

*o 


fvj 

00 

o> 


co  (L 

>>♦->  <y  x 

«—  O +J  <U 
0)  3 « f- 

• 0>  T3  L.  Q. 

u u o u e 

0 <Q  C l O 
C — Q.^  o 

6 •—  »o 

t W T3 

* O 0)  * 

0)  H-  CO  l. 

*—’■»“>  • o a> 

0)  «-  Q.4J 

• • a>  x *o 

fli)  ^ 4J  01  L 
c u 

’*•  t-  i. 

^ " u o ® 
— c o *- 
OS  o - *—  ex 

■M  ■»-  "O  <*-  P 
ert  4->  0)  *r>> 

N T3  L W 
t > O » I 
O l_  X W O0 

1 V HI  <B 

Js  C/I  c 

t.  o>  >>  u *• 

Q-  a>  * en 

* wo  o 

t-0>r— 

t.  o oi  > o 

05  t»  JT* 

♦J0>  0)  ex 

c «j  e ui  c. 

0)  OJ  -F-  Qj  O 

6 c t.  se 
•t™  </)  i ex 
•to  **• 

0)  F-.  .« 

in  «*  . j£ 


a. 

cc 

1 Vfl 

x?  >ft-  a. 

o 

ft 

X3  0) 
0)  L. 

0)  <+■•  t, 

r>  i o 

• 6 

0) 

> 

o)  ex 

x.  u ^ 

0)  Q) 

U 

35* 

O 

0) 

«/)  4J 

•ft— 

(a 

0)  *o 

t-  fe> 

* 

t3 

rx  u 

1 

i 


1 

: i 

.i 


■ i 


l 

\ 

| 


> 


127 

V 


•trr 


V2 V 


* 


2 ^ 


CM 


S’ 


2 

U 


u 

01 


fc. 

o 


il 

01 

k to 


u e 
3 <0 
k u 
p 
V) 


<0 

u 

i 

JC 

44 

u 

o 


& a 

ft. 


& ** 

® • • 

< 6 cc 


01  C9 
44 

£ 6 


01 

OI4J  C 
3110  0 
<0  O 
€ 44 


o e g 
ex< 
to 

JQk 

«-»  O 


*0  « 


*2 


s 


</> 


Ml 


Ml 


2 

§ 


Ml 


£ 

0 

1 


§ 

«■* 

<5 

8 


1? 

u 


<2 

mi 


00 

co 


£* 

O 


s 

*-« 

s 


B 


41 

c*. 

co 


Ml 

eg 


CM 

co 

tv. 

CO 

Cn. 

r>. 

CO 

O' 

O' 

O' 

f* 

•-4 

«— » 

H 

Ml  O' 

Ml 

Ml 

CO 

CM  — < 

VO  • 

VO  • 

CM  » 

CO 

*r  ** 

4*  « 

Ml  O' 

Ml  * 

Ml  ft 

Ml  r- • 

H H 

»«4  ^ 

1 

Ps  • 

1 

co  • 

vA  !Z 

J>  Z 

CM  O' 

44 

VO  c_ 

VO  (- 

O 3 

o 

CM  Q. 

CM  Ck 

< 

-4  o 

•-I  < 

& 

o 

St 


Ml 

3 

s 


VO 


CM 

f*. 

o> 

Ml  • 
O *-• 
Ml  CM 

«-H 

o J 

<o  a. 


£ 

u 


o 

Ml 

m 


u 


Ml 

2 


tJ 

«* 


CM  Q.  O 0) 
00 


55 


00 

00 

00 

CM 

CM 

CM 

O 

o 

O 

O' 

CM 

CM 

o 

o 

o 

CM 


VO 

f*- 

o> 

^ tH 

KT 

Ml  « 
Ml  VO 
»-»  «-4 
I 

CM  • 

oi 

Ml  3 
CM 


VO 

CM 

O 

VO 

CM 


cm  a\ 

VO 


S*; 

ss 


Ml 

CM 

O 

CM 

0 


ft. 

«t» 

4J 

£5 

01 

*4  • 

2S 

O C 


t, 

(O 


• 3 
k O 
OO 


15 

to  O) 
k.  G 

GO 

o 

U «r- 

>1  © 

V/l 
44  (A 

C-#- 

3 k. 

•*»  n 

© M» 

43 

**?  fe 

a>  ek 

TJ  44 

x3 

u *#- 
os  as 

<^S 

0) 

-x 

3 

«*» 

01 

M O 

■p»  •#— 

(X  k. 
to  m 
e g 
m c 
Jt  o 


2 

3 

U 

3 

k. 

« 

1C 

© 

V 

T 

fO 

5 


1 


3£ 

E* 

01  (0 


o 
o 

41 

o 


k 

<0 

4J 

<§ 


01 

Jti 

3 

it 

£ 

44 

Ml 


3 <§ 

f- 

g * 


a 

« 


k 

u 


Ml 


£ 

U 


51 


I 

CM 


Ml 

r** 

O' 

CM 

O «* 

—4  f-* 
Ml  CM 

t-4 

I I— 

Ml  •*» 

SI. 


Ml 

CM 

O 


fO 

41  oi 
CM  ft 
O 

Ml  • 
**  *■ 
I 

00  • 
CO  44 
**>  q 


u 

§ 

Ol 

*H 

1 

li- 

F-18 

F-18 

F-18 

2 

£-17 

£-18 

£-17 

00 

^■4 

1 

UJ 

00  O' 
H H 
1 • 
UJ  UJ 

u S 

as  at 

ae  x 

SE  3 

5 3 

X 3 

as  x 

as  x 

as  x 

as  x 

£ <9 

o,  e 

to  »- 

00  00 
CM  CO 
0 o 

sa 
0 0 

VO  H 
CO  — 1 
0 o 

Zt  5r 

o O 

A A 

'?¥ 

si 

VO^H 
^ *-4 

CO 
^ Ml 

CO  CM 
CM  4 

S?  9 

§s 

VO  00 
^ r*^ 

VO  »*4 
M"  00 

w V 

2© 
O 00 

fs  O 

0 0 
Sco 

0 0 
a mi 

4*  O' 

0 0 
O CO 

mi 

0 0 
—•  00 
Ml  VO 

£ 

o 


3.  55 


Ml 

CM 

CM 


CO 

CM 


cnS 

s . 

VO  *“4 
CVJ 

** 

3 

1-4  *3 


N CO 

*r  co 
° ® 
«-*  00 
Ml  Ol 


© 

Si 

to 

I 

vo 

£ • 

I to 
© 01 
to  k. 

01  to 

<0 

3 Ml 
© 03  O 

O 05 

•»»  to  J ‘ 
e «J  05 

2 & a 


22 

£2 


, to 

miss 


128 


T"”} 

■4?') 

>} 


4 


o uu  u u u u 


O o 


in 


so  co  to  is. 


UO  so 


CM 


£ 

u 


u 


£ 

o 


£ 

a 

I 


£•  £* 

w o 


£ 

u 


& 

u 

«s 


& 

u 


2 1 


I 


§8  S 

$&  S 

as  s 


1 

v 


§ 


to 

9 


CM 


3 

V 


to 


!? 

V 


to 


3 


<M  £j  CM 

CM  CO  ^ 


CM 

CO 


to 

CM 


3 


CO 

P«* 

«a 

to 


01  to 

3 ^ • 

5 SSJ 

= 2 • 

a sg 


CM 

04 


CM 

O' 


28 
4 . 

IO  U 

Sg 


O' 
CO  *-1 
CO 

*~4  « 

as 

s>- 

00  o 


cm2 

to 

CM  « 

as 

tA  • 

CM  *J 

2<y 


CO 

o 2 

CM 

O « 
V > — » 

*H  fH 

s? 


<M  O' 

N 


•“•  *3 


m2 

tO 

^ • 
too 


CO 
p^. 
O O' 


CO 
«-»  CO 


so 

O' 


22  g 

ti  co 


sr 

ag  2g  85- 


CO 

to  ^ 


CO 

r* 

O' 


co  3 


011/021 

CM 

0 

1 

039/021 

041/021 

014/020 

044/019 

023/018 

047/018 

021/017 

043/016 

61-3 

81-3 

si -a 

0-13 

0-13 
E— 17 

0-15 

0-13 

w* 

1 

o 

0-13 

0-15 

0-13 

z pf 

? 7 

z X 

as  x 

asp 

zx 

sex 

zx 

ZX 

Z 3 

3 E 3 

n co 
tn  h 
0 o 
to  co 
to  to 

o o 

1-4  CM 
0 0 

sz 

V o' 
cm  tn 
0 0 
SO  CM 

tn  o 

^4 

£3 
0 0 
so 

in  o 

v*4 

so  to 

CM  CO 
0 0 
r**  to 
tn  to 

o 

CM  CO 
0 0 
00  O' 

tn  o 

^-4  00 

CO  co 

9 0 

O'  PK 

in  p-t 

IN 

00  00 
O *™4 
0 0 
o tn 
to  P- 

r*.  *-4 
•-4  O 
0 o 
O p-4 
to  ^ 

M 

^ O 

-4  M* 
0 0 
»“4  CO 

so 

O 

M*  xt 
0 0 
CM  CM 

to  o 

CO 

rs. 

- O' 

to  H 
SO 

to  • 

p^.  CM 
1-4 
I <— 
CO  ■!■» 

to  C, 

CM  Q. 


o 

o 

to 

o 


I 

GO 


z 3 

CM  O 
CM  O' 
0 o 

28 


X) 

c 

40 

5 

c 

«ri 

31 

e n 
•«=»  t. 

44  a 
w TJ 
•9  fQ 
*»  i 

«a  /s 

•p=>  in 

S£ 


M 

<U 


t, 

04 


01 

x 

<Q 


t. 

cu 

0# 

TJ 

c 


fld 

2 <d 

«J  J3 

01  CM 

o & 


£ g 

« $ 

o>  o 
CO  f» 
■o 
ft.* 
CM  « 


<o 

*5 

04  £ 

JK  <J 
<0  44 
«J  <TJ 

JS 


01 

t 

0) 

6 


3 

0) 

£ 


t 


U 

3 


01 

JC  c? 

«o  m 

Ji 

F»  £ 
I—  U 
01  44 

n *o 

M» 

t,  U» 

40  40 

o in 


t 

3 

4J 

U 

3 

t. 


t. 

01 

> 


«S  40 

£ t 
0)  01 
04  J9 

4J  r« 

to< 


tu 

fe. 


3 

© o 
o oj 

U 04 

53 


04  Ml 

•*•  Q) 
N 

C t» 
01  © 
JM  4J 
O *r» 
40  L 
3E  k. 
04 
N- 

> © 

i 44  w> 

> U 04 

r * 

t.  ^ 
W 44 
to  fn 
■r>  Q 

6 « 


§ 


3 1X3 
£ t. 

«T0  ° 

04  *•  in 
•M  IA  > 

40  04  40  VJ 

E 0»« 

cj  in  e jo 

C 3 04 

04  04  *»5 

O U k 

04  40  04  * 

5 c *j  40 

O'  fc,  <0  > 

04  fi.  40 
t MU  Ml 


8 


44  U 

40  o 

-52 

04  04 
4tf  V «- 
<0  04 

-J 

o 

C 44 
Q 44  IA 

w uai 
^ I 
O 

XT  44  44 

y w k 

•P*  'F>  © 

z si 


u 

<p» 

fi» 

44 

tA 

S 

A 

4 * 

I C . 

; to  c 


u 

o 


k 

to 

iSf 


C «f-  W 
Om*V  w 

^ c * 
£CJJ£ 
O'  © fi.  44 
- > U,  t, 

s 


^ p 1 

58 


129 


W”. 


i 

+>  6 O 


a.  oi 

if  * 

*?  5 

ST 

« * 


oi  u 

« M 9 
4J  0)  L 

u C +» 

0)  A VI 
• <Q  *6 

TJ  cx*o  5 
Of  VO 
> VI  VI  I 

ft.  4J  o 1. 
ai  o ao 
VI  S K 

SS*J 

£~3<I 

V •—  O 3 

2 <•-  *-■«- 
Q.  I 4^  V 
ft-  VI  ft. 
<9  V 


u>  ♦*-  a»  •» 
liv  vi  fc. 

7 i c ai 

I>  U A 4J 

* V X V 

■V  4J  V ft. 

«o  o 

ft-  ft. 

• U O v 

5 O r— 

3 «#-  Q, 

- T3  ^ e 
■»  ft)  ^ 
5 *0  ft-  VI 

> p V I 

- ft-  4J  </> 

si  ai  <u 

* t. 

i >>  u •• 

:«;  .& 

01*0  o 

• ft-  V *™ 

> *o  » © 
<»  U£ 

> <y  A 

> B VI  ft. 

I v>  (U  O 

» ft-  ft.  as 
i i <x 


► flF«  £ 

• ^ ^ a 

• Wft*  ft 
. > i o 

ft.  ft-  £ 
Oi  v 
VI  M 

v <o 

ft-  to 

A u 


130 


Ml- 


Table  2c.  North  America:  Impact  Structures  (In  order  of  decreasing  diameter} 
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Table  3b.  South  America:  Impact  Structures  (in  order  of  increasing  latitude) 

Geographic  ONC  Landsat  Landsat  Image  Diameter  Age  Taroet  tv-, 

coordinates  Path/Row  ID  No.  and  date  km  m7y.  9 Pres*  Mop«,h 

of  Acquisition  (Grieve,  r!  A.  F.,  1982,  Tables  1 and  2) 


Table  3c.  South  America:  Impact  Structures  (in  order  of  decreasing  diameter) 

Name  Geographic  ONC*  Landsat  Landsat  image  Diameter  Age  Target  Rock  Pres.  Morph 

coordinates  Path/Rox  ID  No.  and  date  km  m.y. 
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Table  6b.  Asia:  Impact  Structures  (In  order  of  Increasing  latitude)  i 

3Seographtc  OK*  landsat  Landsat  Image  Diameter  Age  Target  Rost  Pres.  ' Morph 
coordinates  Path/Row  ID  No.  and  date  km  m.y. 

of  Acquisition  (Grieve,  R.  A.  F.,  1982,  Table  2) 
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Table  6c.  Asia:  Impact  Structures  (In  order  of  decreasing  diameter } 
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Table  7a.  Africa:  Impact  Structures  (in  alphabetical  order) 
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